The cell surface hydrophobicity of Serratia marcescens appears to be an important factor in its adhesion to and colonization of various interfaces. The cell surface components responsible for mediating the hydrophobicity of S. marcescens have not been completely elucidated, but may include prodigiosin and other factors. In the present report we have investigated the potential role of serratamolide, an amphipathic aminolipid present on the surfaces of certain S. marcescens strains, in modulating cell surface hydrophobicity. The hydrophobic properties of a serratamolide-producing strain (NS 38) were compared with those of a serratamolide-deficient mutant (NS 38-9) by monitoring the kinetics of adhesion to hexadecane. Serratamolide production was monitored by thin-layer chromatography and the wetting activity of washed-cell suspensions on polystyrene. Serratia marcescens is a common environmental microorganism of considerable historical interest (2) which has been increasingly implicated as a primary pathogen in numerous human infections (14, 19) . The pronounced hydrophobic surface characteristics of S. marcescens were reported by Mudd and Mudd in 1924 (9) and have been studied in various laboratories during recent years (3, 4, 10, 11, 15) . Cell surface hydrophobicity in Serratia strains enables them to concentrate at water surfaces, providing them with the possible advantages of nutrient scavenging (3, 15) and dispersal in jet bubbles (1). Recently, a role for cell surface hydrophobicity in initial adhesion and host colonization by clinical S. marcescens strains was proposed, based on the observation that all 14 clinical isolates examined exhibited hydrophobic surface properties (11).
Serratia marcescens is a common environmental microorganism of considerable historical interest (2) which has been increasingly implicated as a primary pathogen in numerous human infections (14, 19) . The pronounced hydrophobic surface characteristics of S. marcescens were reported by Mudd and Mudd in 1924 (9) and have been studied in various laboratories during recent years (3, 4, 10, 11, 15) . Cell surface hydrophobicity in Serratia strains enables them to concentrate at water surfaces, providing them with the possible advantages of nutrient scavenging (3, 15) and dispersal in jet bubbles (1). Recently, a role for cell surface hydrophobicity in initial adhesion and host colonization by clinical S. marcescens strains was proposed, based on the observation that all 14 clinical isolates examined exhibited hydrophobic surface properties (11) .
The molecular moieties which may promote cell surface hydrophobicity in Serratia strains include prodigiosin (1, [3] [4] [5] 15 ) and a 70-kilodalton outer surface protein (R. Bar-Ness and M. Rosenberg, submitted for publication). In a recent report, Matsuyama et al. (7) suggested that serratamolide may also be involved in modulating cell surface hydrophobicity. Serratamolide, an amphipathic aminolipid present on the surfaces of certain Serratia strains, was first characterized by Wasserman et al. (16, 17) and was recently shown to be a potent wetting agent (7). In the work described in this report we have compared the hydrophobic surface properties of a serratamolide-producing S. marcescens strain with those of a mutant deficient in serratamolide production. Hydrophobicity was determined by studying the kinetics of adhesion of hexadecane, a technique which allows highly reproducible, quantitative measurements (6, 13 20 ml of phosphate-buffered saline (8.0 g of NaCl, 0.2 g of KCl, 1.15 g of Na2HPO4, 0.2 g of KH2PO4, distilled water to 1,000 ml [pH 7.1]). Following a 15-min centrifugation (8,600 x g), the cell pellet was extracted with 10 volumes of ethanol. After removal of sediments by centrifugation as above and removal of the ethanol by evaporation, the dry material was further extracted with chloroform-methanol (2:1, vol/vol). The extracts were examined on a thin-layer chromatography plate of silica gel (DC-plastikfolien Kieselgel 60 F254; E. Merck AG, Darmstadt, Federal Republic of Germany) in a solvent system of chloroform-methanolacetone-acetic acid (90:10:6:1 by volume). For detection of components the plate was sprayed with 50% H2SO4 in ethanol and heated briefly at ca. 200°C. RESULTS S. marcescens NS 38, grown on PG agar at 30°C, produced cell-associated serratamolide (Fig. 1, lane 1) . However, when the cells were grown at 38°C serratamolide was no longer detected (lane 2). Wetting-agent-deficient mutant NS 38-9 did not produce serratamolide following growth at either temperature (lanes 3 and 4) . These results are in agreement with previous data of Matsuyama et al. (7, 8) .
Previous investigations have shown that pigment (prodigiosin) production is temperature dependent (18) . Both strains produced pigment (prodigiosin) when grown at 30°C but not at 380C (Fig. 1) . Figure 2 illustrates the spreading of cell suspensions on polystyrene. Following growth at 30°C, a 10-,ul droplet containing a wild-type NS 38 cell suspension (optical density at 400 nm, ca. 7.0) spread over the hydrophobic test surface, an indication of wetting activity ( Fig. 2A, drop 1) , whereas a droplet containing mutant NS 38-9 cells exhibited no wetting activity whatsoever ( Fig. 2A, drop 2) . Neither strain exhibited wetting activity after growth at 38°C (Fig. 2B) (7, 8) .
To compare the hydrophobic surface properties of the strains, we used adhesion to hexadecane. The kinetics of adhesion (removal rate) of cells grown at 30°C to various hydrocarbon volumes are summarized in Fig. 3 to 5. Wildtype NS 38 cells (Fig. 3) were far less hydrophobic than cells of the corresponding serratamolide-deficient mutant were (Fig. 4) of the hexadecane-to-water volume ratio (Fig. 5 ), a slope is obtained which denotes the removal coefficient, a quantitative indication of the affinity of the cells for the hydrocarbon/ water interface (13) . The removal coefficients were 18 min-' for the wild-type cells, as opposed to 48 min-' for the wetting-agent-deficient mutant cells. Correlation coefficients for plots of removal rates and removal coefficients were significant in all cases (P < 0.025).
Following growth at 38°C, no adhesion was evident in either strain, as measured by the endpoint procedure. Previous investigations have shown that cell surface hydrophobicity is lost after growth at this temperature (11) .
DISCUSSION
The data suggest that loss of serratamolide production in a mutant of S. marcescens (NS 38-9) is accompanied by a large increase in cell surface hydrophobicity. It may be inferred that when this amphipathic compound is present on the wild-type cell surface, it binds to hydrophobic sites, burying its nonpolar moieties toward the cell surface and exposing its polar sites into the bulk aqueous phase. Although we cannot completely rule out the possibility that the mutant strain lacks components in addition to serratamolide, it may be noted that outer surface protein profiles of mutant and wild-type cells were identical on sodium dodecyl sulfatepolyacrylamide gels (results not shown).
Recent studies of bacterial cell surface hydrophobicity suggest that hydrophobic properties are often determined by an interplay of "hydrophobins" (hydrophobicity-promoting components) and "hydrophilins" (hydrophobicity-reducing moieties), which coexist on the cell surface (12) . Various investigators have suggested that the pigment prodigiosin Removal rate as a function of hexadecane-to-water volume ratio (vH/vw). Removal rates of strain NS 38 and mutant NS 38-9 (following growth at 30°C) were obtained from the slopes of the adhesion kinetics plots (Fig. 3 and 4) . The removal rates are plotted as a function of the hexadecane-to-water volume ratio; the slopes yield the removal coefficient values for the two strains.
acts as a hydrophobin in various Serratia cells (1, 3, 4, 11, 15) . A 70-kilodalton outer surface protein may also act as a hydrophobin in S. marcescens (Bar-Ness and Rosenberg, submitted). The data presented here suggest that serratamolide may act as a hydrophilin, counteracting the hydrophobicity conferred by these components. In this context it is of interest that S. marcescens RZ exhibits high cell surface hydrophobicity, despite its production of a wetting agent, whereas its semihydrophobic nonpigmented mutant, strain 3162, is devoid of wetting activity (10; R. Bar-Ness and M. Rosenberg, unpublished data). It may be argued that the partial hydrophobicity exhibited by this mutant is the net result of loss of a hydrophobin (prodigiosin), counteracted to some extent by the absence of a hydrophilin (serratamolide). This hypothesis is currently under investigation.
Modulation of cell surface hydrophobicity has been suggested as a possible factor in host colonization by clinical S. marcescens isolates (11) . The possibility that serratamolide plays a role in such a phenomenon warrants further study.
